ABSTRACT -Since our previous study demonstrated the exacerbation of acute myocardial ischemia/ reperfusion (AMIR)-related arrhythmia by intratracheal instillation (IT) of diesel exhaust particles (DEP), the influence of IT with extracts of DEP in organic solvents on AMIR-related arrhythmia was examined in rats. Oxidative activity in a non-biological assay system and proinflammatory activity in mice of DEP extracts were examined. The dichloromethane-soluble fraction (DMSF) of DEP was further fractionated into n-hexane-soluble (n-HSF) and n-hexane-insoluble (n-HISF) fractions. The oxidative activities of the fractions evaluated by dithiothreitol assay were ranked as follows: n-HISF>DMSF>n-HSF. Twenty-one to 34 hr after IT, the AMIR experiment was performed. Exacerbation of AMIR-related arrhythmia and increased reperfusion-related mortality were observed only in rats treated with DMSF. In fact, n-HSF and n-HISF did not affect arrhythmia up to 5 mg/kg. Twelve hr after IT, a significant increase in neutrophil count was observed only with DMSF. The levels of granulocyte colony-stimulating factor and interleukin-6 in bronchoalveolar lavage fluid were significantly elevated in the group treated with DMSF, while neither, n-HSF nor n-HISF, affected the level of cytokines up to 5 mg/kg. In fact, tumor necrosis factor-α, IL-10 and granulocyte-macrophage colony-stimulating factor were unchanged with any of the fractions. In conclusion, exacerbation of AMIR-related arrhythmia by DMSF suggests the contribution of non-particle components of DEP to arrhythmia while the component contributed to the effects did not become clear. Furthermore, it is confirmed that exacerbation of AMIR-related arrhythmia is accompanied by an increased neutrophil count in the circulatory blood.
INTRODUCTION
Since diesel exhaust particles (DEP) are major constituents of particulate air pollutants (particulate matter, PM) (Sydbom et al., 2001) , evaluating the biological effects of DEP might be important to understanding PM-related adverse health effects including; asthma and chronic obstructive pulmonary disease (Higgins et al., 1990; Pope and Kanner, 1993) , cardiovascular diseases (Dockery and Pope, 1996; Peters et al., 2000; Peters et al., 2001) .
Pulmonary injury is the first adverse effect arising from acute exposure to DEP. DEP enhances reactive oxygen species (ROS) formation through its redox activity (Vogl and Elstner, 1989) , since considerable amounts of metals, including iron, are found in the particles (Yokota et al., 2005; Park et al., 2006) . It has been also reported that phagocytosis of DEP induces release of ROS from alveolar macrophages (MacNee et al., 2000) . Moreover, the contributions of the oxidative activity induced by the organic components of DEP to cytotoxicity and inflammation have very recently been elucidated. Extracts of DEP using methanol (Hiura et al., 1999) and methylene chloride (Hirano et al., 2003) have shown cytotoxic activity which was ameliorated by N-acetyl-L-cysteine (NAC), an antioxCorrespondence: Syunji Yokota (E-mail: yokota.s@fdsc.or.jp) idant. Shima et al. (2006) reported that oxidative activity of the n-hexane insoluble fraction (n-HISF) of the dichloromethane soluble fraction of DEP (DMSF) was higher than that of the n-hexane soluble fraction (n-HSF) of DMSF. In fact, n-HISF elevated the protein level of the antioxidant enzyme, hemeoxygenase-1 (HO-1), in cultured rat alveolar type II epithelial cells and showed cytotoxic activity. Moreover, intraperitoneal injection of n-HISF stimulated the infiltration of neutrophils in the cavity. Additionally, these effects, in vitro and in vivo, were concentration-dependently or dose-dependently suppressed, respectively, by concomitant treatment with NAC, indicating that the effects were at least partially caused via oxidative stress.
Exposure or IT of DEP also causes release of hematopoietic cytokines and chemokines, from alveolar macrophages and alveolar epithelial cells. Hematopoietic cytokines, such as granulocyte macrophage-colony stimulating factor (GM-CSF) and granulocyte-colony stimulating factor (G-CSF), elevate the circulatory neutrophil count (Ulich, del Castillo and Souza, 1988; Boland et al., 2000) , while chemokines, such as interleukin-8 (IL-8) and macrophage inflammatory proteins, induce the recruitment of inflammatory cells into the alveolar spaces (Salvi et al., 2000; Fujimaki et al., 2001) . These biological responses not only cause pulmonary alveolar tissue inflammation but also exacerbate systemic oxidative stress (Delfino et al., 2005; Yokota et al., 2005) .
The influences of intratracheal instillation (IT) of DEP on acute myocardial ischemia/reperfusion (AMIR) have previously been examined in rats. Exacerbation of reperfusion-induced arrhythmia and increased reperfusion-related mortality were observed when DEP was intratracheally instilled 24-48 hr before the experiment (Yokota et al., 2004) . The abolishment of this exacerbation effect by superoxide dismutase, intravenously injected 10 min before the ischemia/reperfusion-experiment, and the marked elevation of the neutrophil count in the blood after IT of DEP suggested the possible participation of neutrophils in the exacerbation of reperfusion-induced arrhythmia via oxidative stress. It was also observed that DEP instillation caused cytokine production in the lung, and hematopoietic cytokines and chemokines appeared to be involved in the increase of circulatory neutrophils in rats (Yokota et al., 2005) . The neutrophil count in peripheral blood depends on mobilization from organs where the cells reside and on release from bone marrow through differentiation of blood stem cells (Ishii et al., 2005) .
In the present study, the influences of IT of three organic fractions of the dichloromethane-soluble extract of DEP, namely, DMSF, n-HSF and n-HISF, on AMIRrelated arrhythmia in rats were examined to clarify the contributions of the oxidative activity of the extracts to the proarrhythmic effects of DEP. Also, the effects of the extracts on circulatory neutrophils in the blood of mice were examined, since the results of previous studies suggested that circulating neutrophils contributed to the exacerbation of AMIR-induced arrhythmia. The level of IL-6, IL-10 and tumor necrosis factor alpha (TNF-α) in bronchoalveolar lavage fluid (BALF) was measured to evaluate the proinflammatory activity of the fractions. Two hematopoietic cytokines, G-CSF and GM-CSF, in BALF were also measured to investigate the relation between pulmonary inflammation and the neutrophil count in the blood. Since the content of n-HISF in DEP is very low, evaluations of the proinflammatory activity and the circulation of neutrophils in the blood were carried out in mice.
MATERIALS AND METHODS

Reagents
Reagents used in the present study were; dichloromethane (Wako Pure Chemical, Osaka, Japan), dimethyl sulfoxide (DMSO, Wako Pure Chemical), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB, Sigma Chemical, St. Louis, MO, USA), dithiothreitol (DTT, Nakarai Tesque, Kyoto, Japan), hydrogen peroxide (H 2 O 2 , Mitsubishi Gas Chemical, Tokyo, Japan), n-hexane (Wako Pure Chemical), sodium pentobarbital (PB; Nembutal Injection ® , D a i ni p po n S u m it om o P h a r m a , O s a k a , J a p a n ) , tris(hydroxymethyl)aminomethane (Tris, Wako Pure Chemical). Enzyme-linked-immu nosorbent assay (ELISA) kits were purchased from Biosource (G-CSF, IL-6, IL-10 and TNF-α, Camarillo, CA, USA) and R&D Systems (GM-CSF, Minneapolis, MN, USA).
Collection of diesel exhaust particles and extraction
Organic fractions of DEP were supplied from Japan National Institute for Environmental Studies (NIES). DEP were generated using standard diesel fuel by a light-duty (2740 cc exhaust volume) four-cylinder diesel engine (4JB1 type: Isuzu Automobile, Tokyo, Japan) with 1,500 rpm under the load of 10 N/m, and collected on glass fiber filter (203 mm × 254 mm) for 12 hr. Organic components of DEP were extracted by Soxhlet extraction with dichloromethane for 6 hr. Then, the extract (DMSF) was fractionated into a n-hexane soluble fraction (n-HSF) and a nhexane insoluble fraction (n-HISF). The weight ratio of n-HSF to n-HISF was approximately 9:1. The amounts of the fractions used in the present study were 533 mg (DMSF), 739 mg (n-HSF) and 30 mg (n-HISF). All fractions were dissolved in DMSO at a concentration of 2.5 mg/μL, divided into 1 μL aliquots and placed in microtubes. Finally, all fractions were stored at −90°C in a freezer.
Preparation of fractions from DEP
For IT for rats, the fractions dissolved in DMSO (2.5 mg/μL) were suspended in PBS at 1 mg/mL (for 1 mg/kg) or 2.5 mg/mL (for 5 mg/kg) by a sonicator (UH-50, SMT, Tokyo, Japan) under ice-cold condition, and the instillation volumes for 1 and 5 mg/kg were 1 and 2 mL/kg, respectively. For mice, the fractions were suspended at 0.3 or 1.5 mg/mL by the same operation as for rats, and the instillation volume was 3.3 mL/kg for each dose level. All suspensions contained DMSO at a concentration of less than 0.1%.
Measurement of oxidative activities by DTT assay
The oxidative activity of the DEP fractions was measured in triplicate fashion, in accordance with the method described by Kumagai et al. (2002) . In brief, the DEP fractions were suspended at 1, 3 and 10 mg/mL in PBS containing DMSO at less than 0.1%. Ten μL aliquots of the DEP fractions were mixed with 990 μL of 101 μM DTT. The final concentrations of the DEP fractions were 10, 30 and 100 μg/mL. Then, the samples were incubated for 30 min at 37°C in a dry bath (Thermostat 5320, Eppendorf, Hamburg, Germany). After incubation, an aliquot (500 μL) of each sample was mixed with 1 mL of 1 mM DTNB (dissolved in 250 mM Tris-HCl buffer, pH; 8.9). After development of a yellowish color, the absorbance at 414 nm was measured using a spectrophotometer (UVIDEC-610, JASCO, Tokyo, Japan). A standard curve was drawn using data from photometric measurements of 40-100 μM DTT obtained in duplicate fashion. In addition, oxidative activities of 0.0001, 0.0003 and 0.001% (final concentrations) of H 2 O 2 were also measured in duplicate fashion. The concentration range of H 2 O 2 was decided from preliminary examination using the concentration range from 0.0001 to 0.01%. Since the reaction was saturated at the highest concentration (0.01%) of H 2 O 2 in the preliminary examination, 0.001%, the concentration which provided sub-maximal response was chosen as the highest concentration in the present study.
Animals
Animal experiments in the present study were carried out in accordance with the Instructions of the Committee for Ethical Usage of Experimental Animals in Hatano Research Institute. Sprague-Dawley rats and male CD-1 mice, weighing 285.5−349.6 g and 31.7−36.0 g, respectively, were purchased from Atsugi Breeding Center, Charles River Japan, and used after a 7-day acclimatization period.
IT for mice and rats
In rats, IT was performed via the oral cavity using a stainless-steel tube for gavage administration under light anesthesia with PB (30 mg/kg, i.p.). The animals began moving spontaneously within 1 hr after administration of anesthesia.
In mice, IT was performed with a surgical procedure. Under sufficient anesthesia with PB (50 mg/kg, i.p.), the trachea was exposed by a midline incision. The vehicle, the DEP fractions or 3.3 mL/kg of 0.03% H 2 O 2 was injected into the trachea in the direction of the lung using a 27G stainless-steel injection needle. After injection, the trachea was covered with the animal's own skin and closed with a surgical-clip. The animals began moving spontaneously within 20 min after the surgical procedure.
AMIR experiment in rats
The method of the AMIR experiment has been previously described (Yokota et al., 2004) . In brief, 21-34 hr after IT of the vehicle or 1 or 5 mg/kg of a fraction, the animal was anesthetized with PB (60 mg/kg, i.p.). Then, the trachea was intubated for artificial respiration at 0.01 mL/ g-BW and 54 strokes/min (SL-480-7, Shinano, Tokyo, Japan). The right carotid artery and right jugular vein were cannulated for the measurement of blood pressure and supplemental anesthesia, respectively. Blood pressure, heart rate triggered by blood pressure pulses, and electrocardiogram (ECG; lead I or II) were recorded on the hard disk of a Macintosh computer (G3/MT360, Apple, CA, USA) through an A/D converter (MacLab/16s, AD Instruments, Castle Hill, Australia).
Regional myocardial ischemia was induced by occluding the coronary artery with silk suture. Then, the occlusion was released to allow reperfusion. Myocardial ischemic preconditioning (MIP) (i.e., a three-min ischemia followed by a 5-min reperfusion, repeated 3 times) was performed to reduce reperfusion-related death (Aye et al., 1999) . Immediately following MIP, a 10-min ischemia was induced, followed by a 30-min reperfusion.
BALF sampling and hematological examination in mice
BALF and blood were obtained 12 hr after IT, because in a preliminary study using mice, the maximal elevations of G-CSF and GM-CSF in BALF and of the blood neutrophil count (BNC) were observed 12 hr after IT of 0.5 mg-DEP. DEP elevated BALF levels of G-CSF and GM-CSF to 3.10 ± 1.6 ng/mL and 44.2 ± 15.5 pg/mL, respectively, while those in vehicle-group were not detectable. DEP also elevated BNC from 10.4 ± 0.6 (×10 2 /μL, vehiclegroup) to 29.5 ± 9.3 (×10 2 /μL). When blood and BALF samples were taken, the mice were anesthetized with PB (60 mg/kg, i.p.). Blood was drawn from the caudal vena cava for the hematological analysis (Cell-Dyn 3500 System, Abbott Japan, Tokyo, Japan), using EDTA-2K (12%) as an anticoagulant. After blood sampling, the chest was opened and the trachea was exposed by a midline incision, and then the trachea was cannulated with a stainless-steel tube, which was connected to a syringe filled with saline (37°C). Saline (28 ml/ kg) was gently injected into the lung and was collected. BALF was obtained from three cycles of such injection and collection, and the BALF collected was filtered through 2 layers of cheesecloth and centrifuged at 1300 × g for 15 min at 4°C (CR5DL, Hitachi; Tokyo, Japan). The supernatant was then stored at −30°C until the measurement of cytokines.
Measurement of cytokines in BALF
The concentration of cytokines, IL-6, IL-10, TNF-α, G-CSF and GM-CSF, in the BALF was measured using an enzyme-linked immunosorbent assay kit in accordance with the method described in the kit.
Statistical analysis
Values are expressed as means ± S.E., except for the incidence of arrhythmia and mortality. The statistical analysis of the incidence of arrhythmia and mortality was performed using Fischer's exact probability test (DA-Stat Version 1.0, Freeware by Nagata, N.). With regard to the values in the DTT assay, hematology and cytokine concentration, multivariate analysis followed by a Bonferroni post-test was employed (Prism 4.0, Graph Pad; CA, USA). P values less than 0.05 were considered to be significant.
RESULTS
Oxidative activities
As shown in Fig. 1 , n-HISF showed the highest oxidative activity in comparison with DMSF and n-HSF. DTT consumption by n-HISF at 100 μg/mL of was approximately 10 and 83 times higher than that by DMSF and n-HSF, respectively, at the same concentration (p<0.01). Additionally, DTT consumption by 0.0003 and 0.001% H 2 O 2 was approximately 1.6 (60.9 μM) and 2.3 (91.0 μM) times higher, respectively, than that by n-HISF at 100 μg/ mL (38.8 μM).
Influences on AMIR-induced arrhythmia
Pretreatment with 1 mg/kg of DMSF increased the durations of premature ventricular beat (PVB) and ventricular tachycardia (VT) during the preconditioning period (p<0.05 for each, table 1). Two out of 10 animals in the DMSF-group died during the 3-min ischemic period, while no animals died in the vehicle 1 mL/kg-group. On the other hand, no difference in mortality, incidence or duration of arrhythmia was observed in either the n-HSF 1 mg/kg-group or the n-HISF 1 mg/kg-group, compared with the vehicle-group.
As shown in Table 2 , the DMSF 5 mg/kg-group showed significantly higher mortality during the MIP period (p<0.01). Four out of 9 animals died from reperfusionrelated arrhythmia following the brief (3-min) ischemia (p<0.05). Incidence and duration of ventricular fibrillation (VF) were also significantly increased in the DMSF 5 mg/ kg-group in comparison with the vehicle 2 mL/kg-group (p<0.05 for each). Additionally, incidence of VF during the 30-min reperfusion after the 10-min ischemia was also increased in the DMSF 5 mg/kg-group (p<0.05). The average duration of VT in the DMSF 5 mg/kg-group was shorter than in the 1 mg/kg-group. During the reperfusion following either, the 3-min or 10-min ischemia, VF directly occurred from normal rhythm, or occurred after a short development of VT in the 5 mg/kg-group.
There was no difference in mortality or in the incidence or duration of arrhythmia between the n-HSF-group and the vehicle-group. Four animals were used in the experiment for n-HISF at 5 mg/kg, because the amount of DEP provided for the present study was not sufficient to treat 10 animals. There was no clear difference in mortality or in the incidence or duration of arrhythmia between the n-HISF 5 mg/kg-group and the vehicle-group, though the number of animals in the n-HISF-group was insufficient for a statistical comparison.
Influences on BNC
The BNC in mice was significantly elevated by intratracheally administrated DMSF at 5 mg/kg, 12 hr before the examination. The mean BNC of the animals in the DMSF 5 mg/kg-group was approximately 3 times higher than that in vehicle-group (p<0.001). The influence of the DEP fractions on the BNC is summarized in Fig. 2 . IT of DMSF at 1 mg/kg and n-HSF and n-HISF at doses of 1 and 5 mg/kg slightly elevated the BNC, though it was not significantly different from that in the vehicle-instilled animals. IT of 3.3 mL/kg of 0.03% H 2 O 2 did not affect the BNC.
Influences on alveolar cytokine production
The influences of the three DEP fractions on cytokine Vol. 33 No. 1 concentration in BALF are summarized in Table 3 . IL-6 and G-CSF levels in BALF were markedly elevated by IT in the DMSF 5 mg/kg-group (p<0.05), while IT of n-HSF, n-HISF and 0.03%H 2 O 2 did not affect the levels of these two cytokines. All three fractions and 0.03% H 2 O 2 did not affect the TNF-α level in BALF. Additionally, IL-10 and GM-CSF were not detected in the BALF collected from any of the animals treated.
DISCUSSION
The present study was carried out to clarify the contribution to exacerbation of AMIR-related arrhythmia of the oxidative activity of extracts of DEP using organic solvents. DMSF appeared to exacerbate the arrhythmia in the AMIR model of the rat, while the other two fractions, n-HSF and n-HISF, did not show this effect. The oxidative activity evaluated by the DTT assay suggested that n-HISF is the fraction with the most potent oxidative activity. In fact, n-HISF showed 10 and 83 times greater oxidative activity compared to DMSF and n-HSF, respectively. These results suggest that the oxidative activity does not contribute to DEP-induced exacerbation of AMIR-related arrhythmia.
While the influence of the fractions on AMIR-induced arrhythmia was evaluated in rats, due to the very small yields of n-HISF from the DEP, the proinflammatory activity of the fractions evaluated by cytokine level in BALF and by BNC was examined in mice. The contribution of circulating neutrophils to the exacerbation of AMIRinduced arrhythmia was suggested in a previous study (Yokota et al., 2004) . Thus it was considered worthwhile to evaluate the effects of the fractions on hematopoietic cytokine production in the alveolar tissue. G-CSF and GM-CSF are major hematopoietic cytokines that induce delivery of neutrophils and monocytes from the bone marrow into the systemic circulation. Although limited knowledge is available on G-CSF in rats, cytokines, including G-CSF have been widely studied in mice and extensive knowledge has been accumulated. Thus, the proinflammatory effects in mice were evaluated on the assumption that most toxicants cause similar qualitative effects on the same specific organ in both rats and mice. In fact, both rats and mice have been commonly used in studies elucidating tox- icological mechanisms. DMSF elevated the BNC in mice, with a concomitant elevation of G-CSF concentration in BALF. These findings were very similar to preliminary results obtained in mice with DEP. Both G-CSF and GM-CSF were elevated 12 hr after DEP-instillation, accompanied by a rise in BNC. In the present study, however, GM-CSF in BALF was not elevated by DMSF. Although why the GM-CSF level in BALF was not changed by DMSF could not be explained, it might be possible that the DEP elevation of the BALF GM-CSF level was due to hard-metal-particle components, rather than to chemical components attached to the particles. A methylene chloride-extract of DEP has also been reported to have no effects on GM-CSF associated gene expression in rat alveolar macrophage despite of its oxidative ability (Koike et al., 2002) . Moreover, it has been suggested that G-CSF is a major factor responsible for the delivery of neutrophils from the bone marrow via blood circulation to peripheral tissues when inflammation arises due to inhalation of toxicants.
In addition, elevation of the BALF IL-6 level in mice was also observed after IT of DMSF. It has been reported that, in a similar manner, elevations of plasma G-CSF and IL-6 level have accompanied the elevation of BNC after exercise (Yamada et al., 2002) and cardiothoracic surgery (Noursadeghi et al., 2005) in humans. It is well known that IL-6 enhances the proliferation of hematopoietic progenitor cells in bone marrow (Okada et al., 1992) . These results suggest that the concomitant increases of IL-6 and G-CSF in inflammation synergistically enhance the production of neutrophils in bone marrow and, consequently, elevate the neutrophil count in circulatory blood.
The fraction, n-HISF, showed a potent oxidative activity but did not show any proinflammatory effects. However, DMSF, with a lower ability to induce oxidative stress than n-HISF, caused evident pulmonary inflammation. Thus, it Table 1 . Incidences of arrhythmia and death during AMIR experiment in rats which intratracheally received 1 mL/kg of vehicle or 1 mg/kg of fractions of an extract of DEP. 7 (30.9 ± 9.5*) 0 (−) 2 (1.7) 7 (29.7 ± 9.1*) 7 (21.8 ± 8.7) 6 (7.9 ± 3.7) PVB 1 mg/kg 10 (110.3 ± 21.6*) 1 (1.9) 1 (2.0) 10 (107.6 ± 22.7*) 9 (79.2 ± 20.6) 9 (28.4 ± 9.7) VT 3 (36.0 ± 18.3) 0 (−) 0 (−) 3 (36.0 ± 18.3) 1 (12.0) 2 (24.0) VF 3 0 0 3 1 2 Death 10 8 8 10 10 10 N n-HSF 9 (21.3 ± 5.9) 0 (−) 1 (0.3) 9 (21.1 ± 5.9) 6 (14.6 ± 5.2) 6 (6.5 ± 3.2) PVB 1 mg/kg 8 (27.2 ± 10.9) 2 (2.4) 2 (7.8) 8 (19.1 ± 6.9) 8 (15.6 ± 5.9) 6 (3.5 ± 2.0) VT 3 (26.2 ± 15.8) 0 (−) 0 (−) 3 (26.2 ± 15.8) 3 (−) 0 (−) VF 2 0 0 2 2 0 Death 10 9 10 10 10 10 N n-HISF 9 (27.7 ± 9.7) 4 (3.0 ± 1.7) 4 (4.6 ± 2.5) 9 (20.4 ± 9.6) 8 (12.4 ± 4.9) 5 (8.0 ± 5.4) PVB 1 mg/kg 10 (69.0 ± 27.1) 6 (7.8 ± 2.8) 5 (8.9 ± 6.3) 8 (53.1 ± 26.6) 7 (39.7 ± 19.9) 6 (13.4 ± 8.0) VT 3 (27.4 ± 15.8) 1 (13.3) 1 (12.0) 1 (3.4) 1 (2.4) 1 (1.0) VF 2 1 1 0 0 0 Death Data are expressed as number of cases observed a) and duration b) (mean ± S.E. in the cases of sample number ≥ 3). Abbreviations are MIP: myocardial ischemic preconditioning, N: number of animals examined, PVB: premature ventricular beat, VT: ventricular tachycardia, VF: ventricular fibrillation. *p<0.05, significantly different from the values in vehicle-treated animals (Bonferroni posttest).
appears that DMSF causes pulmonary inflammation irrespective of its oxidative activity. It has been reported that n-HISF showed cytotoxicity and elevated HO-1 protein levels dose-dependently and concentration-dependently, respectively, in cultured rat type II alveolar epithelial cells, but these effects were incompletely blocked by NAC (Shima et al., 2006) . Taken together, this suggests that some mechanisms other than increased oxidative stress are involved in the toxicity of n-HISF and DMSF.
The mechanisms underlying DMSF-caused pulmonary inflammation were not clear from the present results since further fractionated extracts from DMSF, n-HSF and n-HISF, did not show any evident biological effects. Since DEP was obtained from high-temperature combustible engine (>700°C, in exhaust gas), contribution of the difference in boiling point of organic solvents, dichloromethane (40°C) and hexane (67.7°C), was negated. Since three fractions of organic extract from DEP are constituted by variety of chemicals, it is possible that DMSF causes pulmonary inflammation by synergistic effects of chemicals which are yielded in n-HISF and n-HSF.
As with n-HISF, IT of 3.3 mL/kg of 0.03% H 2 O 2 did not cause any inflammatory response in mice, although a 0.001% concentration of it showed a potent oxidative activity when evaluated by DTT assay. In a preliminary in vivo study using mice, all three animals that received 0.3% H 2 O 2 , a concentration 10 times higher than that used in the present study, but at the same volume, died within 5 min. Since a large quantity of foamy fluid, including reddish foam, was observed in the trachea and bronchi of those animals, it was considered that the animals died from suffocation. Thus we used a sublethal dose of H 2 O 2 in the present study. On the other hand, preparation used in animal experiment, 0.03% (0.3 mg/mL) was a one-fifth of the upper dose of fractions (1.5 mg/mL). Moreover, these results suggest that H 2 O 2 may exert its toxicity in a very Table 2 . Incidences of arrhythmia and death during AMIR experiment in rats that intratracheally received 2 mL/kg of vehicle and 5 mg/kg of fractions of an extract of DEP. Table 1 . *p<0.05, significantly different from the values in vehicle-treated animals (Bonferroni post-test). # p<0.05, ## p<0.01, significantly different from the incidences in vehicle-treated animals (Fischer's exact probability test). short period, and short-acting oxidative stress does not cause severe pulmonary inflammation. Cristiano et al. (1998) have reported that lipid peroxidation in the lung of mice markedly decreased with aging, while that in the brain and the small intestine increased. A decrease in lipid peroxidation of the lung tissue was seen concomitantly with increased activity of Cu/Zn superoxide dismutase and an increased mRNA level of catalase. These results suggest that the lung is resistant to oxidative stress, while the brain and the small intestine are less resistant, compared with other organs. Together with the report by Cristiano et al. (1998) , the present results suggest that a higher dosage of n-HISF might be necessary to cause pulmonary inflammation via its oxidative activity. In addition, the present results in mice are inconsistent with the report regarding cultured rat type II alveolar epithelial cells by Shima et al. (2006) . However, the elevations in the BNC and plasma IL-6 and G-CSF levels 4 hr after the BAL procedure in humans have been reported (Terashima et al., 2001) . They speculated that the alveolar macrophages in intact lung tissue contributed to the cytokine production observed. Moreover, a higher resistance in alveolar macrophages to ROS in humans has been reported (Komuro et al., 2001) . Alveolar macrophages may modify the biological effects of n-HISF and DMSF observed both in vivo and in vitro.
The mechanisms underlying the proinflammatory activity of DMSF were not clarified. DMSF exacerbated reperfusion-related arrhythmia in rats and elevated the BNC in mice. Circulatory neutrophils are an important factor in the severity of myocardial injury during reperfusion following ischemia (de Lorgeril et al., 1989; Dhein et al., 1995) . It was previously reported that IT of DEP caused a similar exacerbation of reperfusion-related arrhythmia, accompanied by an elevation of the BNC (Yokota et al., 2004) . Furthermore, DEP also caused enhancement of ROS production in circulatory neutrophils (Yokota et al., 2005) . These results suggest that the enhancement of neutrophil activity by IT of air pollutants plays a major role in the exacerbation of reperfusion-related arrhythmia.
In conclusion, the present results demonstrated the exacerbation of AMIR-induced arrhythmia by IT of the dichloromethane extract of DEP (DMSF). This exacerbation was accompanied by an increased neutrophil count in the systemic circulation, suggesting that the exacerbation is due to systemic inflammatory response that arose from pulmonary inflammation via G-CSF and IL-6 production caused by some substances in DEP. Further studies are necessary to identify specific causatives in DEP.
